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Meso Multi Scale Study on Concrete Defects

GUO Chao ,LI Shuo ,LIU Dianhong

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract ; Based on the meso multi-scale theory, a parametric study on the strength of concrete
with initial defects ( pores)is carried out. The cube concrete specimens with different defect levels
were fabricated and tested by uniaxial compression. On this basis, based on Monte Carlo method,
Python script program was written and ABAQUS stochastic finite element platform was driven to
conduct 2D and 3D mesoscopic simulation research of concrete tertiary aggregate particles. Results
The 3D numerical simulation results of spherical aggregate concrete damage are oblique shear
failure, which is consistent with the failure results of concrete uniaxial compression test. The
numerical simulation results of 2D polygon, circular and elliptic aggregate are quite different from
the experimental results. The above analysis shows that 3D mesoscopic numerical simulation
analysis is more suitable for theoretical research on mesoscopic defects of concrete.

Key words: initial defect; uniaxial compression; finite element; random aggregate; mesoscopic
simulation

%5 HHA 2021 —-04 - 16
EeTH . FRARRFIAETH (51808351) il TAHE T EAMWFFEI H (1njc202019)
EERIA 20 (1980—) , B Iz, EEMFA + TR,



CAR Ul

2 S IR B A 2 RE S 121

REE T IEER MR B S
& B 5L [E] 33 ¥ X (Interfacial Transition
Zone ITZ) LA K W1 a e (AL ) PUAHZH ALY
R AARE, TREE L oA 5 45 LR
M dsE , FEAFLBRSS A B AL B
AL 7K 24 8E | Bk A LB 5 I S 4k
AU YR A P R Bk AR G K R
P SRR K L AL TR B S ir Ak
PRBERRERE G A N ] B RO L
s H R KA 7E IR % £ AR
BUNORIERFLBR , BT AR E o AN i L (H
HXE TR BE 1 () 2458 o3 A AN R 78 B2 i 52 )
BRI 22 0 1 24T R A A A
A s B SR e B R A % R F 4l
L2 g 1] R, e LK i b FF 9 VI 05 = 440 08
“EVERE, R Ra R i AR R
GG IAR

KBV FIHE AL B, i 5T TR B+
Y XLZE P XTI Bk RN A UL 5% K R
EYSUWIE S i EXL E  S
£, L. Skar yaski % FIH X LI
THLREE + 0 Ak v KRR
s FEMESE ] ICT HAR B o
AFE R IR EE i 9 R A Bk A R
JRbRE A2V R CT 315 4 BOR 8 - 4 3
) S o AT 61195 100, o TR 2 4 ) sk B 2 AT
AT L. Kai 5078 3 TF RS L R
TS B E T ITZ BFLBRR MR, 1F
Jlige o T S S P A DN TSR 4 8 g = R}
ITZ MR F 4L

AT, Bt % A B G AU AL A, B
B 2 KRR X TR BB - 40 W45 F TR 4 o
TARZTRBE - NS 2B H5 e A0
R REAILRL TR A T BEAL R AL B
B A A ) i) i A 17 BT
BF RGO RERI TS S B A R R 64
SERE M T 1 R T AR B AL B SRAH [R] A 3
A, TRLBE P AL T 2o O X T R R TRRE 1)
U BER R T AR B B AN 0 R R A Y

Hh IR0 R AR AL B 0 IR
MR A R SRR Y R

2% SRR EE T A AHAE AU | B AH B
Y, 235 30 a3 7 YRR - LR A | DS AL
SAENBENLE B Re R N R AR
BCERN RS ALBEHL A A (9 2D 1 3D 41
B AR IRZRAE 2D H1 3D IR R 1 40 WA A
T A FLXREE 45 3 5 AR s | 7 I
fith 1, R B S 56 45 L, 00 UE AR A ) ] A
P AR EE 5 B R I AR A T SR AR Al

1 IREBET 4Ll
1.1 BRRE
HRPRLAR AT IR BE + Sy A RE Y
SR, $i B8 Fuller 2% i il 6 B & W &E 1 nl fif
TREE+ B A Fe 0 55 592 78 R0 22 Wi i 24
EREAY IR
Pla) =
KX P(d) Ml L EAR N d B8R &
B4 s, RS R AR n IR, —
HEEUE 0. 45 ~0. 70" £ FHHNn =0.5,
3DHEM T, [d,,d, ., ] 9B BN & R
ok mraE e (2) e,

P(dx+ ) _P<ds)
‘/agg[ds?d.w-lJ :P<d 1 —P(d i ).

)xlOO%. (1)

Ragg. Vccm N

max )
(2)
K.V, [d,d., 1 hd, d. 1 HBEBENE
BHORT V., WIREE LR T R, A R
RFRLL, wTaE 2 (3) 15

w
VA, =—2—. 3
agg pagg \% ( )

S w1, W R

T 3D TR - AR [ R
e A R R Gy 04 3D TR B
RIS 2D JLEE + ALY, 2D iR
AR [, d,,, ] SR B R R 3
i, AR (4)



122 ThoBH A KW (H KRB %38 %
P(d,, ) -P(d,) ;
= s+ s R . TR LA R TR
Aagg[ds’d.ﬂ-l:l P(dmax) _P(dmin) Ragg con’ | |
| mEm R R |
(4) i
ﬁEP:Aagg[ds’derl]ﬂ‘j[ds’derl}g&mEW% (ﬂﬁ%};ﬁ;&‘g&mﬁw@)
BHTE R A, IR EE LA TR R, 4 8 1
PR
TR (OIF BT D AR R B RtA%)
1.2 BRHHERF B
FEAL AR BOR AN 1 Frs, FEREHL HREBEIARE |
EPR LR OB FE o | % TR AR Wjﬁ’“’fﬁi
W LT AN 25 . O BB Bk b 20 3 A (B B AR |
BN ; @A fE S 2 1 HCE B PR A AT ]
i SHERHTT R I T
&, N BRI Haldas
M e Fad R EZ )R, FER] 2D IR EE

- AR (1 DA ) 43, B AR B RS
BB Z A1 — A S5 /N R ) B 8 T B oK
T 0. 05 FFAEAR Z A, U B 2 ) A B
B o X FWEEDE - R 2 008 8k, A1
LA N ERZ A EE,

TR BE 1 4 A 7R 5 3 1K 100 mm, 7F
2 DIR#E 1 40 AR R Hp 5 7= A BEHIL R 58S

(2)2DEF B (b)2DHA BT 5

(2D EIE BB &AL (D2DEAE BRI &AL

1 BN RO R
Fig.1 The delivery process of random aggregate
L, JE Xt A% AT R 5y, 7E 3D TR BE L 400
BEARL R O T ORAIERE A W SO | Se X A
T4l o3 SR o 2 BEL A RERT AL, BEALE
BHETI IR AN 2 R

(c)2DZ BB ()2DEFE BRI &S

(2)3DERFLER

(h)3DERILBRE AL

B2 FEYLE R R
Fig.2 The mesh model of random aggregate

1.3 RRHMG

TREE 7657 AR ET TR BE 1 098 32
BURHR TR, Kk, B H R % R
P 9 B 1R HE L 98 M 45 5 AR #4 ( Concrete
Damaged Plasticity , CDP) #< 7! . CDP 471 {5

iR kR 2 AR —Fh ik
TE ABAQUS # 4 rh R fig e P 4 i o H 5l
S, ARYE Najar FHHLS  FP R IG R FR

Wo-W, W,

1-—" (5)

d WO WO




LR

G R R AE B AL 2 RIS 123

AW, =0
RTCHPIRAS T R AR RE, Bl 3 T A OAB (1
LW, RS T 1 R AR g, /] 3 h B s
RO Ey s aE . X T e iy
W W, =W, N d=0; % TH MG R,
0<W, <W,, U d+#0, 75 5 B9 % FROR 2,
W, <W, W d izt 1,

s W, = fada =ff(8)d8 s Wo

o

3 FETRER ALY
Fig. 3 Energy based damage model
1.4 hFREH
VL 2D B A AU L ], ZE AR
B R AR A0 3 S — A WA, I3 WA
BCENNES 5(RP) A NIRRT A
JBEIEXF RIAHER TR R g, il 4 B,

4 LS
Fig.4 Boundary condition

2 I TR MR

2.1 REHFE
EHHWET 2 413t 12 ANREE IR0, %R

IREETAPI A LU IV 1 4 6 Db, 3
TRl R g5 0, I K x 98 x "
100 mm x 100 mm x 100 mm, #P3E K x T8 x 5
SA70.7 mm x70.7 mm x 70.7 mm, JE#%E+ <AL
Ko h0% 5% . IREETALTEREE LAY
1o TREE AR (D) T

o =“2. (6)
Ko v, RIREE - AL v, IR
EE AR RS DL N I ARE

TERRAAE B R T 43 BRGS0 T #9042
Fo AR5 SR FH AL A% I 2, X 06 i 2158
1.5 mm/min, B 2RI, 0 S N A%
INENES PR

OIvey
5 IR RNAE R

Fig. 5 Schematic diagram of specimen and strain

gauge
2.2 RWERDH

Kl 6 4 TARISILE (0% ,5% ) TR EE
FIRPFRI R ) - BEAERR LR B 1 -1 ~1 -7
M2-1~2-7 HARIFLEO0%,5% ) 1)
R B A i, MWEIHATLUE ), Y
o =5% I, TREE - WL R 38 5 A Jo S FLIR B
TSR EE ) 80% Aoy, TRV & o ALIR BE
19 75% Ze A, i BHR B8 £ v L R A B



124

Tk B B OR E eE R (A SRR )

%38 %

FSZIRAR K, AN R L 22005

40 - 4
35} é
30+ 4

g2st 5

§20 L

#15}
10 |
5 L

40
35|
30}

S25Hf

2 20 |4}

a1y

0 2 4 6 8 1012 14 16 18 0

2 4 6 8 1012 14 16 18 0 5

10 15 20 25

REAE/10° BEAE/10° REAE/10°
(a) & =0% (b) a=5% (cYRb IR

B6 REEL: WHALIER Ty - Ak

Fig. 6 Stress-strain curves of concrete and mortar

specimens

AR A I B0 1 4 X, B E 10 B0
FERSH TR RUR R R R
HORME T3 B Be, A5 B R AR Lk A
PO, £ 14 TR 28

R1 KHMESH

Table 1 Material parameters of each phase

AR . IAHG YRR
% HEL/N =4 _—

#/GPa MRE/MPa  ERAR
Bk 80.0 0.2 — —
[ 15.1 0.13 7.52 0.005 5

AP B R S — AR HL A 26, F) H
Matlab i 5 #2 ¥, 1T B3 i i 40 H 7, 98
P R 7 5 a0 R S X e R anE 7 B
ZT—\‘O

Lo e RIBUIET o
0.8f 1os
%0.6 120 °
b S

L _
Ho.4f 15’;%
M {107
0.2

15

A - A 0

0 0.005 0010 0.015 0.020

AR
B 7 IV R SRS X I G FR

Fig.7 Corresponding relationship between plastic

damage factor and mortar stress

AP 7 m UL X TP A2 i, b

IR EN KN F I B S BAG R F-42:350. 35,
U, MR B 5 R F A 0. 35 LR, Bb IR R
IREN KN F7, FEA AT LU W05 1 A R e
URBIE R AR IR F] 0. 02 I, B3R 1 M K
J109 50% , BB B9 45405 TR 7 24 2k 0. 83, LU A
AP H A2 FRAEIR
3 ARFAFLERT IR EE 1 400

BB
3.1 FELEA 0%EHEE T EIMAEL

2 o =0% Bif, TREEE 1 1WA Y 43 7 25 IR
WE 8 PR, R4t KAE N 0. 846 3, A
IR B BEAIL B RS A PR 40 2 5, I A TR
TR A P E BTG R

M =0% B, 0B E AL Ze & 9
R, B9 Al Mk BIPUE R Z S, A
IR I BEDL B R BL T AR R R#EE X
2D FAEA AL 53 A1 45 SR 5 TR = 22 W T
75 2R T BT AN AH ], 470 R 58 B TR A A
R TRUEMBGH,

2D 1 3D 4IUE AR EEE W% 2, H
2 v . 2D BUEBA A HT s B 3D FE
BRAULEE AR 225K, 2D Bt ML B Ak 5 A o 5%
ZEI /N 30, 6% 5 S R 46 I AR R G R 25
K 72.5% . 3D BUEMLAULE F 56 i £ 1
WM BV A BT (AT B B | U (5 B R
T IR B B 22 ()7 7 22 5, o B AR R 1R 25



LR G R R AE B AL 2 RIS 125

4.291% . 5 JE IR 4 N A O B3R 2E 0 BRZIRGEANIEIAY, 3D FEALERGE B A AR
22.1% o ANFPEARBENLE BT AEER  IREEL A RAARAE

+7053 x 1
+0.000

(2)2DEFE R
it ‘
sy B
+6.347 x 10} +7069 x 107
s i
732 x 10° 977 % 10!
Bl e
Bl HEE
g T
687 x 10°
(c)2DEZHTE B (d)3DRTBEH
B8 REE T A WUATIR BE T A WA 45
Fig. 8 Meso simulation of compression damage in concrete meso model
- 35 -
» — [T == iﬁgﬁ
— T 30+ —— =R
20 F —— 2
25
§ 15 § 20
R Sist
=0t 215
10
5 -
5 -
0 0I.5 110 1I.5 210 2I.5 310 3I.5 0 é ‘I‘ I6 é
RiZE/10” RE7AE/107
(a)2 DR BE 1 4 WA AL (b)3DIR¥E L 4N AE R
9 HMWEITIAY R T — AR 2R
Fig. 9 Compressive stress-strain curve of mesoscopic model
R2 a=0% REELBH RBHE 3.2 RAEHA5%EHRE T AWML
Table 2 The simulation and test data of concrete LT o =5% B IR BE T 3D 41 AR
with a=0% B HHEAT T RUE B, BELAE R A 10
. PR R/ R4 1 B — N2 ; VNRIES
Bk o MPh /10 Bz . HERTRL, 2 o =5% I, 3D 40 WEE
2D [FIE E 29. 19 2. 42 1.807 FLADL R B S TR e iR BEAE 10% DAY, 5
D WEEER 2621 2129 1.748 PR T AFLIR BE 3R 50% 7247, X
2D ZAREF 2194 19.51 1.927 UL 3D A1 WEECIE AT 5 2 A A DL TR Bk
3D ERIE &R 15.94 30.78 4.954

AR (R PR 22 HOR

7L 11. 65 32.16 6. 361




126 WHERKESMARBFR)

%38 %

ﬁww.«ss x 10"

+1.765 x 10*
+7.066 x 10°
46368 x 10°
45,669 x 10*
+4971 x 10"
+4272x 10"
43573 x 10°
+2.875 % 10°
+2.176 x 10°
+1478 x 10
+7.793 x 10°
+8.080 x 10°

(2)3D3RTE BB R R 4 4R A5 1

0 2 4 s 8 10
N/ 10°
() SRR BEHL B A R -2

Bl 10 o =5% 3D WA RAE 40 FI R J1 — R A8 Hh £k

Fig. 10 Compression damage and stress-strain curves of 3D mesoscopic model with a =5%

eI N 280 e o, AL S B i
AR5 3 , I 120 7 S Ao ) BE AR D SR I | i i3
BT TRBE SRy 55 Y X BRTE AL, 248 35
JE5E i B RVBURLING | 80 R L % sk
FLRVIREE - AE A0 T IR I X RS
PR —E AL E M . 3D A0 A%
LR G W) & B, RSB i 3R
BET 152 ERE

4 45 &

(1) BRI UM S E0) AR Ak 52 i T 45 495 3
RS BUERHL T2 S A BTEREIR .,

(2) WEERIP 25 R, 2D BUEBLI 53
Hras R 3D BUE UL, R 22488 K. 2D il
HLE Bh i A X 158 25 e /Ry 30. 6% , 5% T
AR AR IR S K 72. 5% s SFLE K 0% B
3D FUEASALI5R B AR X R 25 7 4. 291% |, 5 JiE
JE45 A MR 22 0 22. 1% 3 SALE K 5%
i, 3D AILECE A P15 i 5 TR i
FE 10% LAPN , S Ass i oy Jo S ALIR B 5 i
() 50% 2 A7 , i B 15 22 76 7] 3352 35 [l 9 ; 3D
Y ETE AR AL A L T 2D 40 WA E A4 3D
AMRES A AEL 53 BT BE S FH VR 5 - Al UL e
PRBHFSY

(3) MAIRIEE 4 40 XULASE 5 f1 53 477 0 2R ol
KB IREE 1) b BB SR T TR X 24
SR ERBENS 7 A R, S0 EAE AR Tk

B S B L 2 I R LB R
225 3k

[1] TANG S W,LIZ J,CHEN E, et al. Impedance
measurement to characterize the pore structure
in Portland cement paste [J]. Construction &
building materials,2014,51:106 - 112.

[2] DHA,DL A ,PH A,et al. Statistical modelling of
compressive strength controlled by porosity and
pore size distribution for cementitious materials
[J]. Cement and concrete composites, 2019,
9611 -20.

[3] HiFz, KR FLBRXHREE + 2007 F
M [ ] PR B ARSI 2 4 ( FARBR )
2016,32(4) :608 - 618.

( XTAO Shiyun, ZHU Liang. Study on effects
of voids on macro — mechanical properties of
concrete [J]. Journal of Shenyang jianzhu
university ( natural science ) ,2016,32(4):
608 -618. )

[4] ZHANG G, YANG Z, YAN Y, etal
Experimental and theoretical prediction model
research on concrete elastic modulus influenced
by aggregate gradation and porosity [J]
Sustainability ,2021,13(4) ;1811 - 1827.

[5] DU X,JIN L,MA G. Meso-element equivalent
method for the simulation of macro mechanical
properties of concrete [ J]. International journal
of damage mechanics,2013,22(5) :617 —642.

[6] KIM H,BUTTLAR W G. Multi-scale fracture
modeling of asphalt composite structures [ J].
Composites science & technology, 2009, 69 .
2716 -2723.

[7] ZHOU X Q,HAO H. Mesoscale modelling and
analysis of damage and fragmentation of
concrete slab under contact detonation [J].
International journal of impact engineering,
2009,36(12) ;1315 - 1326.

[8] ks XIEK, EEM, % HTHHLE R
ATRBE - BT H 3 B RO SO AT T [ ] AR s
F542,2017 ,38 (1] 1) :493 - 501.



,«%

1

Ll G R R AE B AL 2 RIS

127

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(ZHANG Ying, LIU Changyong, WANG Yuyin,
et al. Mesoscale modeling based numerical
study on size effect of concrete compressive
strength [J]. Journal of building structures,
2017,38(S1) ;493 -501.)

AW AT B, 2R T IR EE 140
WL AL 4 580 BEENR T [ D] 2
#2,2015,32(3) ;322 -331.

(JIN Liu,DU Xiuli, HUANG Jinggi. Discussion on
strength criterion used in the meso-failure of
concrete under multi-axial loading conditions
[J]. Chinese journal of computational
mechanics,2015,32(3) :322 -331.)

SKAR YZNSKI £, TEICHMAN J. Experimental
investigations of fracture process in concrete by
means of X-ray micro-computed tomography
[J]. Strain,2016,52(1) ;26 - 45.

FEIGE, X0k, B R IREE - AR 48 CT
W Jz =4 it o (1], TR 2%,
2017,34(5) .188 - 197.

(YUAN Zexun, LIU Bo, MAO Lingtao. CT

observation and internal 3D deformation
calculation of concrete under uniaxial
compression [J]. Engineering mechanics,

2017,34 (5):188 —197.)

TIARE 2, KB, 45, CT H B R
TREE L L5 A i i I [T]. oKis T2,
2015,12:28 -31.

(SU Linwang, LI Pingjie, XIAO Yongshun,
et al. Application of CT scanning technology in
detection of concrete structure [J]. Port &
waterway engineering,2015,12.28 -31. )

KAI L. Effect of fine aggregate size on the
overlapping of interfacial transition zone
(ITZ ) in mortars [J]. Construction and
building materials,2020,248 .1 - 12.

LEITE J,SLOWIK V,MIHASHI H. Computer
simulation of fracture processes of concrete
using mesolevel models of lattice structures
[J]. Cement & concrete research, 2004, 34
(6):1025 - 1033.

DU C B,SUN L G. Numerical simulation of
aggregate shapes of two-dimensional concrete
and its application [J]. Journal of aerospace
engineering ,2007,20(3) ;172 — 178.

ZHU W C, TANG C A. Numerical simulation
on shear fracture process of concrete using

mesoscopic mechanical model [J].
Construction & building materials, 2002, 16
(8) :453 —463.

X, U 9% 0%, 45, BT AN WLIR B T A
TR R I () 3 5 3 AR 5 123 [T T2 4l
2017,49(4) :953 -960.

(ZHAO Guogqi, QIU Yaping,LUO Ying,et al.
Damage detection of meso-scale concrete

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

structures based on time reversal method [J].
Chinese journal of theoretical and applied
mechanics,2017,49(4) :953 -960. )

YANG Z J,LI B B,WU J Y. X-ray computed
tomography images based phase-field modeling
of mesoscopic failure in concrete [J].
Engineering fracture mechanics, 2019, 208 .
151 - 170.

GAO H,ZHANG X,ZHANG Y. Effect of air
void structure on strength and interfacial
transition zone of concrete [J]. Journal of
tongji university ,2014,42(5) ;751 —756.
JIVKOV A P,ENGELBERG D L, STEIN R,
et al. Pore space and brittle damage evolution
in concrete [J]. Engineering fracture mechanics,
2013,110:378 —395.

REN W, YANG Z, SHARMA R, et al. Two-
dimensional X-ray CT image based meso-scale
fracture modelling of concrete [ J]. Engineering
fracture mechanics,2015,133 .24 —39.

TRAWI NSKI W, TEJCHMAN J, BOBI NSKI
J. A three-dimensional meso-scale modelling of
concrete fracture, based on cohesive elements
and X-ray pCT images [J]. Engineering
fracture mechanics,2018,189 .27 —50.

CHEN X,LI J,HUANG S, et al. An automatic
concrete crack-detection method fusing point
clouds and images based on improved Otsu’s
algorithm [J]. Sensors,2021,21 (5) ;1581 —
1600.

i, AR AL BT Ansys RUTREE
BERLE AR T K 2008 3 27 43 B [ lBUK
2FEEAR (T2FRR) ,2019(12) £ 1035 — 1040.

( XU Qing, ZHOU Xiangsen, CHENG
Zhicheng. Random aggregate model and
mesomechanics analysis of concrete based on
Ansys [J]. Engineering journal of Wuhan
university,2019,52(12) :1035 — 1040. )
CHEN H,XU B,MO Y L, et al. Behavior of
meso-scale heterogeneous concrete  under
uniaxial tensile and compressive loadings [J].
Construction and building materials,2018,178 :
418 —-431.

XFW A,ZJYB A,JRY C, et al. Monte Carlo
simulations of mesoscale fracture modelling of
concrete with random aggregates and pores
[J]. Construction and building materials,
2015,75:35 -45.
WANG Z M, KWAN A, CHAN H C.
Mesoscopic study of concrete I: generation of
random aggregate structure and finite element
mesh [J]. Computers & structures, 1999, 70
(5):533 —544.

(TSR XIEDE JesCHR Y mds )



